Abstract The properties of carnosine (Car) and glycylglycine (Gly-Gly), transported across the mucosal border, were studied in isolated guinea pig everted ileum. The initial influxes of both dipeptides could be described by single Michaelis-Menten kinetics, having a nearly equal value of maximum influx. Mutual inhibition studies showed that the inhibition observed between Car and Gly-Gly was fully competitive, indicating that both Car and Gly-Gly share a common carrier. Although carriermediated influxes of the dipeptides were independent of Nat, the addition of the dipeptides into the mucosal solution evoked sudden and sustained increments of mucosal negativity. The changes in short-circuit current (d ISO) evoked by the peptides increased as the Na+ concentration in the solution was increased, although both dipeptides evoked small increases in ISO, even in the absence of Nat
In a previous paper (HIMUKAI et al., 1983) , it was shown that glycylglycine (Gly-Gly) transport across the mucosal border of guinea pig small intestines was entirely Na+-independent but Gly-Gly added to the mucosal solution significantly stimulated Na+ transport across the intestine (a non-mutual stimulation). In subsequent experiments, it was found that carnosine (Car : J3-alanyl-L-histidine), which is known to be transported soley via the "peptide route" (CHEESEMAN, 1980; MATTHEWS et al., 1974; RAJENDRAN et al., 1984) , had a much smaller stimulating effect, revealed when significantly smaller Car-induced change in transmural po-tential differences (4PDs) twere compared with Gly-Gly-induced ones. Although the competition between Car and Gly-Gly for transport was demonstrated kinetically in hamster small intestines , the possibility of the presence of separate transport systems for the two dipeptides was not fully excluded in guinea pig intestines, as suggested by CHEESEMAN (1985) from experiments in rat enterocytes. Accordingly, the relationship of the transport of Car and Gly-Gly was examined in more detail, and the relationship of transport between Car and Na+ was characterized in guinea pig intestines.
METHODS
Experimental arrangements and procedures were identical to those described in the previous papers (HIMUKAI et al., 1983 ; HIMUKAI, 1984) . Briefly, short segments, 2-3 cm long, of the ileum were excised from guinea pigs anesthetized with urethan. For influx measurements, the isolated segments were everted and fixed on a polyethylene tube with a 5 mm outer diameter. The everted sac preparations were preincubated in a standard buffer solution (composition described below) bubbled with pure oxygen at 37°C. Unidirectional influxes of peptides across the mucosal border of the guinea pig ileum were determined at 37°C by a 1 min exposure of the mucosal surface to the buffer solution containing peptides and radioactive tracers. The standard buffer solution had the following composition (mM): Na2SO4, 50; D-mannitol, 160; K2S04, 1.25; KH2P04, 0.25; CaSO4, 1.5; MgSO4, 1.0; Tris/H2S04, 20 (pH 7.4), unless otherwise noted. For the measurement of Car influx, 3-[3-3H(N)]alanyl-L-histidine (New England Nuclear, custom made) was used as the tracer (1 or 2 ,ctCi/ml). D-[1-14C]mannitol (New England Nuclear) was also added to the incubation media at 0.1 or 0.2 , iCi/ml. The influx of Gly-Gly was measured using [l-14C]Gly-Gly (0.1 or 0.2 ,uCl/ml, Amersham International, custom made) and D-[l-3H]mannitol (1 or 2 ,uCi/ml, New England Nuclear). Radioactive mannitol was used to compensate for extracellular fluid adhering to the mucosal surface.
For the recording of peptide-induced 4PDt under the fixed ionic condition using the standard buffer solution, the isolated segments were everted and fixed over a perforated polyethylene tube and incubated in the buffer solution at 37°C. The PD t was recorded by means of 1 M KCl-agar bridges connected to half calomel electrodes. A small amount of a high concentration peptide solution was added to the mucosal bathing solution to give the desired final concentration.
For the purpose of measuring short-circuit current (ISO), the isolated ileal segments were opened along the mesenteric border, and the sheet preparations were fixed between the Ussing-type half chambers. Non-polarizable electrodes consisting of Zn/ZnSO4 cells were used for passing DC current across the preparations. Polyethylene tube bridges filled with 1 M Tris/H2S04-2 % agar were used to connect the cells and the chambers. The PD t was recorded as described above.
Data of influx and ISO measurements were presented using the (nmol • min' • cm! 2 of the serosal surface area).
mean+S.E.
RESULTS
The characteristics of Car influx across the mucosal border of guinea pig everted ileum At first, the influxes of Car were measured in 4 experimental conditions. As shown in Table 1 , the influx of j3-alanine moiety of Car was not affected by the presence of free 9-alanine at 100 mM. This result is compatible with the conclusion that the transport of Car is entirely independent of surface membrane hydrolysis (CHEESEMAN, 1980; GANAPATHY and LEIBACH, 1983; MATTHEWS et al., 1974; RAJENDRAN et al., 1984) . On the other hand, the influx of Car was markedly inhibited by the presence of Gly-Gly (100 mM). It is also shown in the table that the influx of Car was entirely independent of Na+ in the mucosal bathing solution.
Kinetics of the inhibition of Car influx by Gly-Gly As described above, the influx of Car was strongly inhibited by Gly-Gly. This suggests that Car shares a common carrier with Gly-Gly. In order to ascertain this, the inhibition of Car influx by Gly-Gly was studied kinetically. Figure 1 shows a Lineweaver-Burk plot of Car influx in the absence and presence of Gly-Gly (5 mM). As shown in the figure, the inhibition by Gly-Gly was competitive. The mean values of the maximum influx (Jmax) and the half saturation concentration (Kt) of Car in the absence of Gly-Gly were 50.8+2.1 nmol • min-1 • cm2 and 4.1+ 0.2 mM, respectively, and the same parameters in the presence of Gly-Gly were 51.0+3.5 nmol • min-1 • cm-2 and 13.5+0.9 mM, respectively. The value of the inhibitor constant (K,) for Gly-Gly was estimated to be 2.2 mM.
Kinetics of the inhibition of Gly-Gly influx by Car
In order to further ascertain a possible common carrier mechanism for both peptides, a reverse experiment was carried out. The kinetic parameters of Gly-Gly influx were examined in the absence and presence of Car (5 mM). As shown in Vol. 35, No. 6, 1985 (Fig. 1) . Similarly, the value of Kt for Gly-Gly agreed well with the value of Ki (2.2 mM) obtained from the inhibition kinetics of Car transport by Gly-Gly. The inhibitory action of Car on Gly-Gly transport was also examined using a Dixon plot (data not shown). It was found that the relationship between the reciprocal of Gly-Gly influx and the concentration of Car was linear.
From the analysis of mutual interaction of transport between Car and Gly-Gly, it is suggested that the same transport carrier is common for both. The values of Jmax for Car and Gly-Gly were not significantly different.
Comparison of the effects of Car and Gly-Gly on the transmural potential difference
The following experiments were carried out to characterize the effects of the dipeptides on the current flow across the intestine. At first, the 4PD1 induced by Car was compared with that induced by Gly-Gly. As summarized in Fig. 3 tide, were found to be linear. From the relationship obtained, the mean values of Kt and 4PDt mag from 6 experiments were estimated to be 3.5 mM and 3.2 mV for Car and 2.2 mM and 5.9 mV for Gly-Gly, respectively. It should be emphasized that the value of 4PDt mag for Car was about half that of 4PDt mag for Gly-Gly. For the comparison, the 4PDt induced by the constituent amino acids of Car was also shown in Fig. 3 . The carrier-affinity of j9-alanine was extremely low (Kt< 200 mM), compared with that of L-histidine (Kt=8.1 mM). In some preparations, j9-alanine failed to evoke an increment of mucosal negativity. The mean value of 4PDt mag was 16.7 mV for L-histidine.
Increase in short-circuit current induced by Car
A short-circuit current increase induced by Car was examined in relation to the concentration of Na+ ([Na+]) in the incubation medium. In this experiment, the concentration of Car was fixed at 1 mM. As PD t is greatly influenced by the conductivity of the incubation medium (HosHI et al., 1976) , the relationship between Car-induced current flow and [Nat] was directly measured using Ussing-type half chambers. Each measurement of ISO was carried out with a freshly prepared specimen. As shown in Fig. 4 , the 4I was stimulated in the presence of Nat, although Car also caused a relatively small 44,, in the absence of Nat, as observed Vol. 35, No. 6, 1985 with Gly-Gly previously (HIMUKAI et al., 1983) , DISCUSSION The results of the present study suggest that both Car and Gly-Gly share a common carrier mechanism in the guinea pig small intestine. This was shown by kinetic analysis of influx data. The properties of electrical events induced by Car are essentially similar to those of Gly-Gly (HIMUKAI et al., 1983) , i.e., 1) the transport is rheogenic, in spite of the fact that the transport across the mucosal border is independent of the presence of the external Nat ; 2) the 4PDt induced by each dipeptide is linearly related to the carrier-mediated influx of the peptide; 3) the magnitude of Car-induced 4I, is dependent on the concentration of Nat, although the d I c, is never abolished even in the complete absence of Na+ in the incubation medium.
As described in a previous paper (HIMUKAI et al., 1983) , the genesis of apparently Na+ independent 4I(, is unknown. However, recent studies in brush border membrane vesicles from mammalian intestines or kidneys have disclosed the presence of H+/oligopeptide cotransport across the membrane LEIBACH, 1983, 1984; TAKUWA et al., 1985a, b) . By fluorescence measurements of vesicular suspensions containing diS-C3 (5), TAKUWA et al. (1985a, b) Japanese Journal of Physiology showed that the cotransport was electrogenic. Moreover, Hoshi (personal communication) found that peptide-induced 4PDt in the absence of Na+ was significantly stimulated by lowering the pH of mucosal bathing solution in toad intestines. In the light of these findings, it is suggested that the Nat-independent peptide-induced 4I is closely related to the H+-coupled cotransport. The presence of Na'" augments 4I and the augment 4I can be regarded as an additionally stimulated flow of Nat As shown in Fig. 4 , the relationship between the Na+ dependent 4I and [Nat] is sigmoid (the Hill coefficient= l.3).
The most interesting finding in the present study is that the 4PDt max induced by Car is much smaller than that of Gly-Gly, in spite of the presence of a common carrier mechanism for both dipeptides. This means that the value of coefficient between the transport and transport-related 4PDt is different for these two peptides. It is unlikely that the difference of the state of dissociation of the peptides (Car: pHI 8.2; Gly-Gly: pHi 5.6) is significant because the 4PDt max induced by Car is always smaller than that of Gly-Gly in pH's ranging from 6.4 to 8.4 (data not shown). The reason of such a phenomenon is unknown. It is speculated that the rate of the induced ionic flow may be different between the two peptides. Vol. 35, No. 6, 1985 The author gratefully thanks Prof. T. Hoshi (Dept. Physiol., sity of Tokyo) for advice on these studies.
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